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Excitation mode of the DNA dyes
For successful localization measurements in the SMLM technique, in general, single, optically isolated bursts of fluorescence are required for image reconstruction. Either substantially overlapping or too crowded signals will lead to a loss of positioning information (for details see Materials and Methods). Therefore, we optimized the 405 nm illumination intensity in order to identify as many resolvable signals (fluorescence bursts) of photoproduct molecules per frame as possible. A high 405 nm intensity (10 mW beam) applied to the sample caused saturation of the signal in the green-yellow channel, when intense 491 nm light (88 mW beam) was applied simultaneously. This stems from the fact that the number/density of molecules transferred from the blue-emitting to the green-emitting form upon illumination with 405 nm laser light became too high to be effectively read-out using 491 nm excitation with subsequent single molecule position fitting. When the intensity of the 405 nm laser was appropriately reduced, chromatin structures stained with the photoproduct became visible at an enhanced resolution in the reconstructed localization images. Eventually, using a very low power for the 405 nm excitation (0.05 mW beam), well isolated single molecule fluorescent bursts became prominent ( Supplementary Figures S1, S2 ). Such a strategy takes advantage of the 405 nm-independent stochastic renewal of the fluorescent state (at 491 nm excitation) of the green-emitting form photoproduct upon high intensity 491 nm illumination, since we still observed blinking of photoproduct after switching off 405 nm illumination.
It is worth mentioning that a detectable pool of a green-emitting photoproducts of the investigated dyes seems to be present even without performing stochastic photoconversion with 405 nm light 1 . Instead of using this light to carry out photoconversion one could increase the green-emitting photoproduct population by adjusting the composition of the embedding media. This means that it appears possible to eliminate 405 nm light (used for photoconversion so far) from our imaging protocol, and perform single excitation wavelength localization microscopy as originally reported in the single wavelength SMLM: SPDM approach. 2 Figure S1 . The influence of illumination wavelengths on blinking rates of Hoechst 33258 bound to DNA in a typical HeLa cell nucleus. (A) In the first 10,000 frames, fluorescence was excited with a high illumination intensity with a single laser wavelength (491 nm only), and the fluorescence was detected in the green-yellow channel (585 -675 nm), as described in the original SPDM approach. 2, 3 In the cell nucleus shown here, a total of about 110,000 individual molecule signals were detected. (B) Enhancement of the blinking rate per frame by induced photoconversion from the blue-emitting form to the green-emitting form of Hoechst 33258. After exposing the sample to a single 491 nm excitation illumination for 10,000 frames (and continuously acquiring images), an additional low intensity 405 nm illumination was applied (illumination intensity ca. 1,800x lower than that of the simultaneous 491 nm illumination) again acquiring 10,000 frames. This enabled us to record approximately 30,000 additional molecule signals (corresponding to an increase of about 30% compared to the single wavelength excitation approach). Usually the majority of signals during the measurement were detected at the beginning of the acquisition (see e.g. Supplementary Fig. S3C ), due to the fact that the green-emitting photoproduct is originally in equilibrium with the standard form. 1 The signal positions were blurred with the respective localization precision. (C) Number of detected fluorescent bursts; left column: total number of signals detected using 491 nm illumination alone (frames 1 -10,000; an image reconstructed from these signals is shown in A); right column: total number of signals detected subsequently in the same cell using 491 nm excitation together with an additional low intensity 405 nm illumination (frames 10,001 -20,000; reconstructed image depicted in B). Figure S2 , the fluorescence emission spectra of the original (blue-emitting) and the green-emitting form can be separated optimally in the green-yellow detection range. In general, a large red-shift facilitates the extraction of blinking signals from the background, thus in this respect the Hoechst dyes outperformed DAPI consistently.
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Influence of the buffer composition
Supplementary Figure S3 . The influence of the embedding media on blinking characteristics of the greenemitting photoproduct of Hoechst 33258. After staining the cells with the dye (0.1 µg/ml) for 30 min the following media were tested: PBS, glycerol, glycerol with 10% Prolong Gold ® (PG), glycerol with 5% imaging buffer (IB, For the sake of clarity, error bars are omitted. The first few frames were automatically discarded due to high overlapping of single molecule signals.
We investigated the influence of the following additives on the blinking rate: PBS, glycerol, oxygen scavenger, commercial antifade agents and thiols. For this purpose we employed the imaging protocol described in Materials and Methods. PBS and glycerol alone provide insufficient conditions for reconstructing images of nuclei due to fast bleaching ( Supplementary Fig. S3 ). No fluorescence bursts could be detected after recording several image frames. In the case of glycerol supplemented with a small amount of Prolong Gold ® standard antifade (Life Technologies, compatible with fluorescent probes such as Alexa Fluor ® dyes and fluorescent proteins 56 ), we detected much more fluorescence bursts. However, Prolong Gold ® also gave rise to numerous cytoplasmic signals of increasing frequency ( Supplementary Fig. S3 ). Nonetheless, a 10% dilution of Prolong Gold ® in glycerol suppressed bleaching. Our data suggest that a crucial role in blinking regulation of bisbenzimide dyes and DAPI is played by oxygen rather than the primary thiol. Blinking of Hoechst 33258 became prominent when the oxygen concentration was reduced. Such conditions were provided by using a medium containing glycerol with 5% imaging buffer (glucose oxidase and catalase system). Higher concentrations of imaging buffer were also tested (10, 20, 30 and 100%) but have not provided better results (data not shown, we cannot rule out the possibility in which slightly higher concentrations could be used successfully in combination with a 491 nm laser illumination intensity higher than what is available in our setup). We suppose that in such a system a decreased probability of interaction with oxygen might be a major factor also influencing blinking. However, once βmercaptoethylamine (MEA; 50 mM final concentration) was added to such a buffer, the blinking rate was reduced. It is possible that MEA interacts with oxygen, and, as a result, oxidation of its thiol group and formation of disulfide bonds occurs. 7 Moreover, MEA is known to act as a triplet state quencher 8 . Any specific thiol reaction with the dye molecules, similar to the previously reported reactivity of cyanine dyes, can most likely be excluded. 9 Furthermore, in an oxygen-depleted environment (100% imaging buffer system or Prolong Gold ® ) fluorescence is stabilised and hardly any bleaching of both forms occurs, i.e. no single molecule signals could be extracted. Since oxygen is regarded as the major cause of photobleaching, 10 we anticipate that adjusting the oxygen content helps to establish the optimal ratio between irreversible and reversible photobleaching of the photoproducts.
Considerations on non-emitting state formation
'Blinking' based localization microscopy procedures requires the transfer from a nonemitting (or non-detectable) to a fluorescence emitting state and back to a non-emitting state ('dark' state). A suggestion regarding the mechanism of non-emitting state formation in Hoechst dyes was put forward by Cosa and colaborators. 11 They proposed a model in which Hoechst 33258 undergoes an intramolecular proton transfer between the phenol group and the bisbenzimide nitrogen under UV illumination. As a result, an additional protonated centre may arise at the expense of the phenol group of Hoechst 33258 which may become susceptible to de-excitation in a non-radiative manner. Interestingly, previous mass spectrometry experiments demonstrated that UV illumination of DNA dyes in solution gives rise to the additional peak in the mass-to-charge spectrum, which can be attributed to the extra-protonated form of Hoechst 33258. 1 However, this explanation of the 'dark' state formation seems unlikely in the light of our finding that Hoechst 33342 (phenol group replaced with ethyl group) and DAPI (no phenol group) also undergo photoconversion and blinking.
One may argue, however, that such a non-emitting state does not exist, and only the reaction which is a reversal of photoconversion, occurs. In such a case the green-emitting form, while exposed to a high intensity illumination of 491 nm light, would be expected to regain the initial spectral properties and return to the blue-emitting, standard form. Further studies on photophysical properties of bisbenzimide DNA dyes should test this hypothesis.
Hoechst 33258 fluorescence intensity profiles
In Supplementary Figure S4 , four example profiles taken across a reconstructed localization image are shown. The profiles depicted (1-4) have a length of 1,000 nm and have been averaged across a width of 100 nm. Positions of the profiles taken are indicated in the reconstructed image.
Supplementary Figure S4 . Examples of 1000 nm long intensity plot profiles of Hoechst 33258 integrated across various sites within a HeLa cell nucleus (a width of 100 nm). The plot profiles are based on data taken from Fig. 2 . The profiles were based on the individual localization data after Gaussian blurring with the respective localization precision.
Comparison of fluorescence microscopy techniques
A direct comparison of the same cell in SMLM, widefield and confocal laser scanning microscopy not available due to difficulties in relocating the same cell in independent microscope systems. In Supplementary Figure S5 , we provide a comparison of similar cell nuclei from the three imaging devices.
Supplementary Figure S5 . Performance of various fluorescence microscopy approaches in independent measurements: Cell 1, image of human fibroblast acquired using widefield microscopy and then localization microscopy (SMLM), Cell 2, image of a secondary VERO-B4 monkey fibroblast taken using confocal light scanning microscopy (CLSM) -an approach providing best resolution in standard fluorescence microscopy. Cells were stained with Hoechst 33258.
Optical setup
The basic optical setup (Vertico-SPDM microscope) has been described previously. 3 The laser beam enters the microscope after reflection from mirrors M1 -M6. Both laser beams (wavelengths: 405 nm and 491 nm) are combined using a long pass dichroic mirror (DM, ZT405RDC ® , Chroma), which transmits wavelengths above 405 nm. The collimator composed of achromatic lenses (CL1, f = 30 mm, CL2, f = 200 mm) expands the beam 5x. The irises (I1 -I5) are used during alignment. The beam is focused into the backfocal plane of a 63x 1.4 NA objective by an achromatic lens (CdL, f = 60 mm) after reflection from the beam splitter (BS, quad-band dichroic mirror ® , Chroma). The fluorescent light emitted from the sample passes first the beam splitter and then the emission filter (FF01-630/92, Semrock) mounted on a filter wheel (FW). Subsequently, the light is focused by a tube lens (TL, f = 200 mm) onto the CCD chip of a highly sensitive 12 bit black-and-white camera (CAM). In order to implement the localization mode, for high laser illumination intensity, a localization lens (LL, f = 500 mm) is inserted in the optical pathway, decreasing the illuminated area in the sample plane to a Gaussian spot of roughly 60 µm diameter at full width at full maximum.
